Biomagnetic research in gastroenterology
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Thanks to the revolutionary advances in our
understanding of Helicobacter pylori, what
is really left in the upper GI tract are indeed
motility problems. R.W. McCallum, Scand.
J. Gastroenterol 30 (suppl 230), v,1995.

1 Introduction

Humans rely on their gastrointestinal system for
providing the body with a constant supply of
nutrients, water and electrolytes. The food must be
digested (reduced physically and chemically to a
molecular level) to be absorbed in the small
intestine. Since both digestion and absorption
depend on diffusion the flow of nutrients along the
small intestine (GI transit) must be compatible with
the rates of both these processes.

GI transit depends on motions of the intestine walls,
caused by contractions and relaxations (motor
activity) of the muscle layers, which in turn are
governed by electrical signals. So far in the clinical
routine, GI transit has been studied by methods
based on X-rays and radioisotopes, and motor
activity by means of pressure recordings obtained by
catheters passed by mouth or nostrils. Moreover,
electrical activity recordings present important
drawbacks.

The use of magnetic measurements to study the
gastrointestinal tract can be divided in two
categories, one concerned with magnetic fields
produced intrinsically by the electric currents of
organs and the other with magnetic fields produced
by magnetic materials that are ingested. In the first
group, magnetic measurements are used to detect
electric currents associated with the gastrointestinal
tract. In the second group, the fields produced by
ingested magnetic markers (MM) or tracers (MT)
can be measured at the surface of the torso, allowing
determination of the position, time course, quantity
and state of order yielding information about the
gastrointestinal motility. Biomagnetic techniques in
some cases can represent an alternative, and in
others a unique way to study the gastrointestinal
tract. It is interesting to note that the scenario
provided by GI applications of biomagnetism
integrate all the possible fields yet measured in

humans: those from electric current as in the brain
and heart, those from paramagnetic substances as in
the case of the liver and, finally, magnetic fields
produced by ferromagnetic particles as in the case of
magnetic markers and tracers. There is hope that in
the future more information about the GI tract or
even more comfortable exams would be possible by
biomagnetic means. The past achievements were
described in the 8" and 10" International
Conferences on Biomagnetism [1,2] and in André et
al [3]. In the following sections, a survey of the
work performed by some groups in the area will be
reviewed and updated, concluding with some
possible problems to be tacked by biomagnetic
means.

2 Magnetic tracers to study GI motility
2.1 Studies using magnetic markers

Biomagnetic applications to the study of the GI tract
started with MM. In 1957 a magnetometer was used
to study the motility of the small bowel by having
human subjects ingesting a magnetic stirring bar and
detecting fluctuations of the magnetic fields
produced by changes in its orientation of less than 1
degree relative to the detector [4].

A different marker was used [5], where a
magnetized steel sphere (diameter 2 mm) was
inserted in a tube, yielding an apparent density D =
1.9 g/cm’. The MM was ingested and was followed
by magnetic measurements made with a SQUID
biogradiometer. Sequential mapping combined with
MRI allowed the measurement of segmental transit
time [6].

In another approach [7] a spherical permanent
magnet made with epoxy and microspheres (D=1.4
g/lem’) was tracked by a fluxgate gradiometer
system. The test meal was ingested with MM and
other radiopaque markers. Radiographs validated the
estimated marker positions and showed that the
magnetic marker behaved similarly to the
radiopaque markers in the gut. The modeling
calculations confirmed adequate precision of the
MM localization.

MM has been also wuseful to study the
pharmacodynamics of drug delivery. Insoluble



sucrose pellets coated with magnetite and pellets of
epoxy mixed with magnetite were prepared. These
markers were magnetized in a 0.1 T magnetic field
and they were followed using a seven-channel
SQUID system [8]. A similar approach was used to
study the esophageal, gastric and duodenal transit
time [9]. More recently the dissolution of pills was
also studied with a 83 channel SQUID system [10].
A 16 channel high Tc SQUID magnetometer placed
inside a small shielded enclosure was used to study
stomach motility, by recording fields produced by a
1.3 mm diameter steel ball placed at the antrum [11].

2.2 Studies using magnetic tracers

Magnetic tracers can be ingested with a test meal,
endowing the GI tract with a strong magnetic signal.
Depending on the material used as a tracer either the
magnetic  permeability or the  remanent
magnetization can be measured. Thus, changes in
magnetic signal would be the correlates of specific
processes under study in particular regions of the GI
tract.

Frei et al [12] followed by Benmair et al [13] were
the first to use a susceptometer driven at 60Hz to
study gastric emptying of ferromagnetic tracers of
high magnetic permeability. The tracer proved to be
innocuous in a previous test as an X-ray contrast
agent. The test meal contained a final ferrite
concentration of 20 %.

Manganese ferrite powder (3%) mixed with a yogurt
was used as a MT to study different functions and
parameters of gastrointestinal tract. Firstly, gastric
emptying was measured using a portable AC
biosusceptometer (ACB) [14]. The instrument can
be viewed as two air core transformers, one working
as a reference and the other as a measuring
transformer. To maximize the signal-to-noise ratio
the detection coils are positioned as near the subject
as possible, and phase sensitive detection is
employed. It can be shown that the signal amplitude
is very sensitive to the distance of the magnetic
material from the detector (~ r ) and this was
exploited to measure gastric contractions [15].

This same instrument was used to measure the
orocaecal transit time [16,17] with advantages over
the method of the hydrogen expired breath,
produced by a lactulose test meal.

Partial esophagus transit time (ETT) was studied
with the same marker and a variation of the test
meal [18]. Pharyngeal clearance and transit was also
measured using the same approach [19].

In a second category of experiments the test meal
was magnetized and the remanent field was
measured using a fluxgate magnetometer [20,

21,22]. The decay of magnetization clearly shows
the stomach slow waves (SSW) and contains
information relevant to the mixing function of the
stomach, although some modeling assumptions are
necessary to ascertain this relationship. Stomach
emptying was also studied through remanent
magnetization measurements [23].

The measurements done up to now with MM use a
single or a small number of detectors, thus only
information about segments of the GI tract that are
relatively fixed is obtained. An interesting
alternative would be the use of several detectors to
produce an image of the distribution of MM over all
the viscera, a pilot study was recently published
[24].

3 The magnetic detection of electrical
activity of the gastrointestinal tract

The detection of magnetic fields produced by the
electrical currents occurring in the gastrointestinal
tract had to wait until very recently when SQUID
detectors were employed. Measurements of gastric
signals were initially performed in humans in an
unshielded environment [25] and more recently in
shielded enclosures in animals and humans
[26,27,28,29]. The gastric electrical activity known
as Basic Electric Rhythm (BER) was detected with
good signal/noise in normal subjects and during
tachygastric episodes. It the last case it was shown
that there is no migrating electrical activity along the
stomach [26]. Spatial temporal characteristics of this
signal was also studied with multichannel systems
[28].

Measurements of magnetic fields produced by the
small intestine, which are quite different from those
recorded from the stomach were performed.
Electrically, the gastric signals are easier to detect
because there is less internal fat near the stomach;
however, small bowel signals are virtually
impossible to see electrically without extensive
adaptive filtering. Magnetically, the small bowel
signals are quite clear. In some studies, animals had
their gut exposed by surgery and the magnetic
signals associated with the small intestine electrical
activity was measured. A vector magnetometer was
used to detect the magnetic field vector and using
this information it was possible to locate the position
of the electric sources in the stomach and gut [27]. It
was shown that the magnetic measurements could
diagnose the intestinal ischemia induced in rabbits
by the administration of thrombin or produced by a
mechanical occlusion [29]. This experiment
simulated the clinically important case of mesenteric
vessel thrombosis, which has no method of early



detection and is associated with high mortality. It
was shown that when the blood supply is reduced in
the small intestine, an abnormally electric activity
can be recorded [30].

One important point that still needs more efforts in
these measurements is an appropriate modeling of
the signals [31]. What most groups use is an
equivalent current dipole (ECD) that can be thought
as a first approximation to the problem of dealing
with large areas of electrically excited tissues.

4 Discussion

The future of the biomagnetic methodology in
gastroenterology is linked to numerous facts. First, it
is necessary to find applications where biomagnetic
measurements can provide unique information, or
the information provided by existing methods are
poor when compared to that obtained by
biomagnetic measurements. Second, the
instrumentation used should be affordable to
hospitals, and if possible of simple operation and
low cost. Third, other aspects of the GI tract should
be investigated. For instance: basic studies of the
esophagus motility, like shortening during
swallowing, all the current physiological images
done today could be performed in the future
employing magnetic tracers instead of radioactive
ones. The methods used so far could be classified
more as feasibility studies and more exploration
should be done on patients with different diseases to
show the ability of the biomagnetic approach to
diagnosis pathological conditions. Other studies,
such as pancreatic and biliary flow measurements
should be tried. The connection between the central
nervous system and the enteric nervous system
offers also many possibilities to explore new
frontiers.

It is strongly believed that there is an enormous
space for improvements in the examples above
mentioned that could lead to new applications and
refinements in the present research and diagnose
methods in gastroenterology.
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